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Abstract
With the hypothesis that all independent degrees of freedom of basic building blocks should be
treated equally on the same footing and correlated by a possible maximal symmetry, we arrive at an
4-dimensional space-time unification model. In this model the basic building blocks are Majorana
fermions in the spinor representation of 14-dimensional quantum space-time with a gauge symmetry
G4DM = SO(1, 3) × SU(32) × U(1)A × SU(3)F . The model leads to new physics including mirror
particles of the standard model. It enables us to issue some fundamental questions that include:
why our living space-time is 4-dimensional, why parity is not conserved in our world, how is the
stability of proton, what is the origin of CP violation and what can be the dark matter.
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The most important issues in elementary particle physics concern fundamental questions
such as: what is the basic building blocks of nature? what is the basic symmetries of nature?
what is the basic forces of nature? why our living space-time is 4-dimensional? why parity
is not conserved in our world? how is the stability of proton? what can be the dark matter?
what is origin of CP violation? why neutrinos are so light? In the standard model[1, 2, 3],
quarks[4, 5] and leptons are regarded as the basic building blocks and described by the
gauge symmetries U(1)Y × SU(2)L × SU(3)C and Lorentz symmetry SO(1,3). The gauge
bosons corresponding to the symmetries mediate interactions among quarks and leptons
via electromagnetic, weak and strong forces. The local Lorentz symmetry SO(1,3) reflects
gravitational force.
The standard model has been tested by more and more precise experiments at the energy
scale of order 100 GeV. The weak interaction is well described by the left-handed SU(2)L
gauge symmetry based on the fact of parity (P) noninvariance[6]. The strong interaction
described by the Yang-Mills gauge theory[7] with symmetry SU(3)C displays a behavior
of asymptotic freedom[8, 9]. The standard model has been shown to be a renormalizable
quantum field theory[10]. The strength of all forces has been turned out to run into the same
magnitude at high energy scales[11], which makes it more attractive for the exploration of
grand unification theories[12, 13, 14, 15]. SU(5) gauge model[13] is known to be a minimal
grand unification theory. For massive neutrinos, SO(10) model[14, 15] may be regarded
to be a minimal one. An interesting feature in the SO(10) model is that all the quarks
and leptons in each family can be unified into a single spinor representation. One of the
important predictions in either SU(5) or SO(10) model is proton decay. Namely proton is
no longer a stable particle in the SU(5) and SO(10) models. As a consequence, the minimal
SU(5) and SO(10) models have been strongly constrained by the current experimental data
on proton decays.
In here we shall explore other possible unification models. For that, let us reanalyze what
symmetry means in the grand unification models. We shall first examine the symmetries
in the standard model. It is seen that symmetries are introduced to establish the relations
among different quantum charges of quarks and leptons. The known quantum charges of
quarks and leptons consist of isospin charges, color charges, lepton charges, spin charges and
chiral-boost charges. Specifically, SU(2)L is introduced to describe the symmetry between
two isospin charges, SU(3)C characterizes the symmetry among three color charges, SO(1,3)
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reflects the symmetry among 2 spin charges and 2 chiral-boost charges. In the SO(10)
model, SO(10) characterizes the symmetry of unified isospin-color-lepton charges. When
treating all the quantum charges on the same footing[16], we arrive at a symmetry group
SO(1, 3)×SO(10), which may be regarded as a symmetry of 14-dimensional (14D) quantum
space-time. This is because its dimensions are determined by the basic quantum charges of
quarks and leptons (2 spin and 2 boost charges, 2 isospin charges, 3 color and 3 anticolor
charges, lepton and antilepton charges). The independent degrees of freedom of quarks and
leptons are given by the spinor representation of 14D quantum space-time. As there are
64 real independent degrees of freedom for each family quarks and leptons, the symmetry
only based on the quantum charges of quarks and leptons cannot be a maximal symmetry
that establishes possible correlations among the independent degrees of freedom of quarks
and leptons. In other words, a large amount of independent degrees of freedom of quarks
and leptons are not related via the symmetry group SO(1, 3) × SO(10). It then becomes
manifest that in the grand unification models one only considers symmetries among the basic
quantum charges of building blocks rather than among all independent degrees of freedom
of building blocks. In the present paper, we shall extend the usual grand unification models
by considering a possible maximal symmetry among all independent degrees of freedom of
basic building blocks.
As a principle in our present consideration, we make a simple hypothesis that all in-
dependent degrees of freedom of basic building blocks should be treated equally on the same
footing and correlated by a possible maximal symmetry in a minimal unified scheme. For
convenience of mention, we may refer such a hypothesis as a maximally symmetric min-
imal unification hypothesis (MSMU-hypothesis), and the resulting model as a maximally
symmetric minimal unification model (MSMUM).
In order to establish possible correlations among all independent degrees of freedom of
basic building blocks, we can infer from the above MSMU-hypothesis the following deduc-
tion: fermions as basic building blocks of nature should be Majorana fermions in the spinor
representation of high dimensional quantum space-time which is determined by the basic
quantum charges of building blocks. The chirality of basic building blocks should be well-
defined when parity is considered to be a good symmetry. This deduction implies that the
dimensions of quantum space-time should allow a spinor representation for both Majorana
and Weyl fermions, which requires the quantum space-time to be at the dimensions D = 2
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+ 4n (n = 1, 2, · · · ), i.e., D = 2, 6, 10, 14, 18, 22, 26, · · · .
In the spirit of MSMU-hypothesis, the minimal dimension needed for a MSMUM is D=14.
Thus the basic building blocks are Majorana fermions in the spinor representation of 14D
quantum space-time. Namely each family of Majorana fermion has 128 = 27 independent
real degrees of freedom, which is twice to the quarks and leptons in the standard model.
With the Majorana condition in the spinor representation of 14D quantum space-time, we
will arrive at an interesting 4D space-time MSMUM with a gauge symmetry for each family
G4DM = SO(1, 3)× SU(32)× U(1)A.
For an explicit demonstration, let us denote Ψ as fermionic building block in the spinor
representation of 14D space-time. The Majorana condition implies that
Ψ = Ψcˆ = CˆΨ¯T (1)
Here Ψcˆ defines the charge conjugation in the 14D quantum space-time. The 128-dimensional
spinor representation of Majorana fermion Ψ is found to have the form
Ψ =

 FL + F
′
R
FR + F
′
L

 (2)
with FL,R defined as
F TL,R = [ Ur, Ub, Ug, N,Dr, Db, Dg, E,
Dcr, D
c
b, D
c
g, E
c,−U cr ,−U
c
b ,−U
c
g ,−N
c ]TL,R
F
′T
L,R = [ U
′
r, U
′
b, U
′
g, N
′, D′r, D
′
b, D
′
g, E
′, (3)
D
′c
r , D
′c
b , D
′c
g , E
′c,−U
′c
r ,−U
′c
b ,−U
′c
g ,−N
′c ]TL,R
and the charge conjugation matrix is given by
Cˆ = iσ1 ⊗ σ2 ⊗ σ2 ⊗ 1⊗ 1⊗ σ3 ⊗ σ2 (4)
which satisfies Cˆ† = Cˆ−1 = −CˆT = −Cˆ and CˆCˆ† = 1. All the fermions ψ =
Ui, Di, E, N, · · · are four complex component fermions defined in the 4D. The indices “L”
and “R” denote the left-handed and right-handed fermions in 4D, i.e., ψL,R =
1
2
(1 ∓ γ5)ψ.
The index “c” represents the charge conjugation in 4D, ψc = Cψ¯T with C = iγ0γ2 = iσ3⊗σ2.
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For convenience of discussions, we present the explicit form of the gamma matrices ΓˆIˆ =
(γa,ΓI) in the spinor representation of 14D quantum space-time
γ0 = 1⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ1 ⊗ 1 ,
γ1 = i 1⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ2 ⊗ σ1 ,
γ2 = i 1⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ2 ⊗ σ2 ,
γ3 = i 1⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ2 ⊗ σ3 ,
Γ1 = σ1 ⊗ σ1 ⊗ 1⊗ 1⊗ σ2 ⊗ σ3 ⊗ 1 ,
Γ2 = σ1 ⊗ σ2 ⊗ 1⊗ σ3 ⊗ σ2 ⊗ σ3 ⊗ 1 ,
Γ3 = σ1 ⊗ σ1 ⊗ 1⊗ σ2 ⊗ σ3 ⊗ σ3 ⊗ 1 , (5)
Γ4 = σ1 ⊗ σ2 ⊗ 1⊗ σ2 ⊗ 1⊗ σ3 ⊗ 1 ,
Γ5 = σ1 ⊗ σ1 ⊗ 1⊗ σ2 ⊗ σ1 ⊗ σ3 ⊗ 1 ,
Γ6 = σ1 ⊗ σ2 ⊗ 1⊗ σ1 ⊗ σ2 ⊗ σ3 ⊗ 1 ,
Γ7 = σ1 ⊗ σ3 ⊗ σ1 ⊗ 1⊗ 1⊗ σ3 ⊗ 1 ,
Γ8 = σ1 ⊗ σ3 ⊗ σ2 ⊗ 1⊗ 1⊗ σ3 ⊗ 1 ,
Γ9 = σ1 ⊗ σ3 ⊗ σ3 ⊗ 1⊗ 1⊗ σ3 ⊗ 1 ,
Γ10 = σ2 ⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ3 ⊗ 1
where σi (i = 1, 2, 3) are Pauli matrices, and “1” is understood as a 2 × 2 unit matrix. We
may define two gamma matrices from ΓˆIˆ (Iˆ = 0, · · · , 13) as
Γ15 = Γˆ0 · · · Γˆ13 = σ3 ⊗ 1⊗ 1⊗ 1⊗ 1⊗ σ3 ⊗ 1
Γ11 = Γ1 · · ·Γ10 = σ3 ⊗ 1⊗ 1⊗ 1⊗ 1⊗ 1⊗ 1 (6)
with Γ15ΓˆIˆ = −ΓˆIˆΓ15 and Γ11ΓI = −ΓIΓ11. The Weyl representation of Ψ is defined through
the projector operators PW,E = (1∓ Γ15)/2 with P
2
W,E = PW,E
ΨW = PWΨ =
1
2
(1− Γ15)Ψ ≡

 FL
FR

 ,
ΨE = PEΨ =
1
2
(1 + Γ15)Ψ ≡

 F
′
R
F ′L

 (7)
Here ΨW and ΨE may be mentioned as ’westward’ and ’eastward’ fermions in order to
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distinguish with the left- and right- handed fermions defined via the projector operators
PL,R = (1∓ γ5)/2 in 4D space-time.
The westward fermion ΨW is a Majorana-Weyl fermion, it contains 64 independent de-
grees of freedom that exactly represent quarks and leptons in each family with right-handed
neutrino. The eastward Majorana-Weyl fermion ΨE may be regarded as mirror particles
and mentioned as mirroquarks and mirroleptons.
We can construct following tensors by Γ-matrices
TU ≡ (ΣIJ , Γ11Σ
IJKL, Γ11)
T V
5
≡ (ΣIJK , iΓ11Σ
IJK), T Vˆ ≡ (TU , iΓ15T
V
5
) (8)
TW
5
≡ (ΣI , iΓ11Σ
I , ΣIJKLM), T Wˆ
5
≡ (TW
5
,Γ15T
U)
with ΣI ≡ 1
2
ΓI , ΣIJ = i
4
[ΓI ,ΓJ ] and others are the higher order antisymmetric tensors.
Under charge conjugation and parity transformation, we have
CˆT Vˆ Cˆ† = −(T Vˆ )T , Γ0T Vˆ Γ0 = (T Vˆ )†
CˆT Wˆ
5
Cˆ† = (T Wˆ
5
)T , Γ0T Wˆ
5
Γ0 = −(T Wˆ
5
)† (9)
CˆΣabCˆ† = −(Σab)T , Γ0ΣabΓ0 = (Σab)†
where Σab = 1
4i
[γa, γa] (a, b = 0, 1, 2, 3) are the generators of Lorentz group SO(1,3). Here
the matrices
T Aˆ = (T Vˆ , T Wˆ
5
) , (Aˆ = 1, · · · , 1024) (10)
form the generators of symmetry group SU(32) × U(1)A. Where T
Vˆ (Vˆ = 1, · · · , 496)
form the generators of subgroup SO(32), TU (U = 1, · · · , 256) the generators of a subgroup
SU(16)× U(1) and ΣIJ the generators of a subgroup SO(10).
It is of interest to observe that although the 128-dimensional spinor representation of
Majorana fermion Ψ is defined in the 14D quantum space-time, while its motion cannot
realize in the whole 14D space-time corresponding to the 14D quantum space-time. This is
because no kinetic term can exist in the corresponding 10D space, and its motion can only
be emergent in an 4D space-time out of the 14D space-time. This can be seen from the
identities
Ψ¯ΓIi∂IΨ ≡
1
2
∂I
(
Ψ¯iΓIΨ
)
Ψ¯γai∂aΨ ≡
1
2
[Ψ¯γai∂aΨ− i∂a(Ψ¯)γ
aΨ] (11)
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with a = 0, 1, 2, 3, and I = 1, · · · , 10. Here the Majorana condition has been used. As there
exists no motion in the 10D space, the 32-dimensional spinor representation of 10D quantum
space is found to have a maximal symmetry SU(32)× U(1)A in the kinetic 4D space-time.
The number of families remains a puzzle. When treating the observed three families
equally on the same footing, a maximal family symmetry among them is SU(3)F with the
chiral-valued generators
T u = (λi, γ5λ
s), (λi)T = −λi, (λs)T = λs (12)
and (i = 1, 2, 3; s = 1, · · · , 5). Where λi form the generators of SO(3)F ∈ SU(3)F .
We are now in the position to write down the Lagrangian of MSMUM in the kinetic 4D
space-time for the fermionic building blocks
L4DF =
1
2
Ψ¯γaiDaΨ ≡
1
2
Ψ¯γˆaEµa iDµΨ (13)
which is self-Hermician. Here Eµa is introduced as frame fields. The covariant derivative Dµ
is defined as
Dµ = ∂µ − iω
ab
µ Σab − igUΩ
Aˆ
µT
Aˆ − igFF
u
µT
u (14)
The above Lagrangian has a maximal gauge symmetry
G4DM = SO(1, 3)× SU(32)× U(1)A × SU(3)F (15)
where the three families Ψ = (Ψ1, Ψ2, Ψ3) belong to the fundamental representation of
SU(3)F .
A minimal scalar field that couples to fermions is in the representations ΦF =
γ0λ
sΦWˆs T
Wˆ
5
≡ γ0λ
s(γ5Σ
Wˆ
s + iΠ
Wˆ
s )T
Wˆ
5
(s = 0, 1, · · · , 5; Wˆ = 1, · · · , 527). The self-Hermician
Lagrangian for Yukawa interactions is
L4DY =
1
2
gYΨ
†ΦFΨ =
1
2
gY Ψ¯λ
sΦWˆs T
Wˆ
5
Ψ (16)
Here the minimal scalar field ΦF contains representations (272)W,E = (10+1¯0+126+ ¯126)W,E
that are needed for generating masses of quarks and leptons as well as their mirroparticles
via spontaneous symmetry breaking.
A scalar field that interacts with gauge bosons can be different from the one that couples
to fermions. Such that a scalar field in the adjoint representation of SU(32) Φˆ ≡ ΦˆAˆT Aˆ only
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couples to gauge bosons. The self-Hermician Lagrangian for minimal scalar fields is given
by
L4DS = TrDµΦ
†
FDµΦF + TrDµΦˆ
†DµΦˆ (17)
In general, a total self-Hermician Lagrangian is
L4D = L4DF + L
4D
G + L
4D
S + L
4D
Y + L
4D
H (18)
Here L4DG represents the Yang-Mills gauge interactions and L
4D
H (Φˆ,ΦF ) the Higgs potential.
Note that when taking gU = gF = gY ≡ go, we arrive at an MSMUM with a single coupling
constant go.
Here we are able to issue some fundamental questions:
1) as quarks and leptons belong to the Majorana-Weyl representation of 14D quantum space-
time, their motion has been shown to be emergent only in the 4D space-time. This naturally
answers two important issues: why our living space-time that consists of quarks and leptons
is 4-dimensional, and why parity becomes no invariance in our world that is made of quarks
and leptons;
2) fermionic building blocks in the MSMUM are twice as those in the standard model. The
additional building blocks are regarded as mirroquarks and mirroleptons, which can be seen
more explicitly from the symmetry decomposition SU(16)W × SU(16)E × U(1) ∈ SU(32).
Of particular, when the mirroparticles form stable states that only weakly interact with the
ordinary matter, the corresponding mirromatter can become interesting candidate of dark
matter observed in our universe;
3) unlike to the usual grand unification theories, proton may become rather stable in the
MSMUM. This is because the subgroup SU(16)W ∈ SU(32) provides a maximal gauge
symmetry among quarks and leptons[17], so that the gauge interactions for all quarks and
leptons are associated with different gauge bosons. When SU(16)W is appropriately broken
down to the symmetries in the standard model without causing, in the mass eigenstates, a
mixing among gauge bosons that can mediate proton decays, then proton remains stable.
Namely the stability of proton in the MSMUM relies on whether a mixing occurs among
relevant gauge bosons in the mass eigenstates;
4) when the constraints from proton stability become weak, some symmetry breaking scales
can be low in the MSMUM. It is specially interesting to look for new particles at TeV scales.
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But possible intermediate energy scales and symmetry breaking scenarios should match to
the constraints from the running coupling constants;
5) as the Majorana condition in the MSMUM leads to a self-Hermician Lagrangian, it then
implies that CP symmetry should be broken down spontaneously[18, 19, 20];
6) since the symmetry is maximal in the MSMUM with a minimal parameter, it is expected to
be more predictive. Especially, the minimal scalar field ΦF in the Yukawa coupling contains
(10 + 1¯0 + 126 + ¯126) representations needed for mass generation and see-saw mechanism,
which helps to understand from vacuum structures of symmetry breaking pattern how quarks
and leptons get masses and mixing, and why neutrinos are so light;
7) like grand unification models, symmetry breaking scenarios and vacuum structures will
be the most important issues in the MSMUM. A simple symmetry breaking scenario can
be: SU(32)→ SU(16)W × SU(16)E × U(1)
SU(16)W → SU(8)L × SU(8)R → SU(4)L × SU(2)L × SU(4)R × SU(2)R → SU(3)c ×
SU(2)L×U(1)Y → SU(3)c ×U(1)em. The properties of mirror particles will depend on the
symmetry breaking patterns of SU(16)E . In general, for breaking a maximal symmetry to
a symmetry of real world, it is crucial to apply for suitable symmetry breaking mechanisms,
like the dynamically spontaneous symmetry breaking realized in QCD[21];
8) when extending the principle of MSMU-hypothesis to the space-time symmetry, we shall
arrive at supersymmetric MSMUM.
Last but not least, we would like to address that the above resulting 4-dimensional MS-
MUM naturally match to the so-called no-go theorem proved by Coleman and Mendula[22].
The main assumption made here is that the Majorana fermions belonging to the spinor
representation of 14D quantum space-time are equally treated on the same footing and di-
rectly identified to the basic building blocks of quarks and leptons. In general, there are
many possibilities for imposing different Majorana spinor structures. For different spinor
structures, one then arrives at different geometries of high dimensional space-time, which
leads to different physics. What we have demonstrated in this note is that when choosing
the Majorana spinor structure in the 14D space-time to be directly identified to the quarks
and leptons, it then automatically leads to a unique solution with kinetic term only ap-
pearing in the 4D space-time for each generation quarks and leptons, the remaining 10D
space becomes an internal space without motions. This may be regarded as an alternative
dimension reduction via choosing the Majorana spinor structure based on the observations
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in the real world of elementary particles. In general, without requiring a specific Majorana
spinor structure in a high dimensional space-time to be assigned to the observed quarks
and leptons, the Majorana spinor fermions can in principle have motions in the whole high
dimensional space-time, namely there should be no constraints for the dimensions of mo-
tion in the most general case. One may compare such a reduction of dimension of motion
via specifying a spinor structure with the compactification approach in which the high di-
mensions are compacted to lead to a 4D space-time. For different compactifications, one
yields different spinor structures. The well-known example is the string theory, where the
Majorana spinors belonging the representations in the 10D space-time are not required to
directly relate to the quarks and leptons, so that they can have motions in the whole 10D
space-time. For such a case, one needs to make an appropriate compactification to yield an
effective 4D space-time theory. There exist in general many patterns for the compactifica-
tions in the string theories. Obviously, different compactifications lead to different spinor
structures which are corresponding to different physics.
In conclusion, starting from a simple hypothesis, we are led to a 4-dimensional MSMUM
with the gauge symmetry G4DM = SO(1, 3)× SU(32)× U(1)A × SU(3)F .
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